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Abstract
We show that definite polarization observables for the simplest electroproduction processes, +N → +B(1/2±)+M(0±),
B = Y(Λ,Σ or Yc-hyperon, Θ+-pentaquark) and M = K , K¯ or D, are sensitive to the relative P -parity of the NBM-system,
P(NBM). The interference of the longitudinal and transversal amplitudes for the collinear regime of the processes γ ∗ +N →
B + M (γ ∗ is the virtual photon)—at any value of momentum transfer squared and excitation energy of the BM-system—
generates relations between the analyzing powers (in unpolarized lepton scattering by polarized target), and the components of
the produced baryon B polarization which depend on P(NBM). These relations suggest a model independent method for the
determination of unknown parities of strange and charm particles and even pentaquark. As an example, we give an estimation
of the s-dependence of the relevant asymmetry, in framework of the Regge-pole approach for the reaction γ ∗ +N → Θ+ + K¯ .
 2004 Elsevier B.V.
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Open access under CC BY license.Parity is a fundamental property of elementary par-
ticles, therefore its experimental determination is very
important. Sometimes this is a very difficult prob-
lem, as in case of Θ+-pentaquark [1], which has been
recently observed in different experiments [2]. How-
ever, these experiments show the existence of a nar-
row structure in a missing mass spectrum, and, at
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Open access under CC BY license.best, can determine the mass and the with of the res-
onance and cannot determine unambiguously the spin
and parity of the Θ+-hyperon. Therefore, this problem
is very actual, because the complete understanding of
the structure of Θ+ depends essentially on the parity
of this state. Theoretical predictions allow both val-
ues of the Θ+-parity [3,4]. Note, in this respect, that
the P -parity, which is conserved in strong and elec-
tromagnetic interaction, cannot be determined for the
Θ+, as an absolute quantum number (equal to ±1), as
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the strangeness of the Θ+ is nonzero. Only the rel-
ative P -parity of the system P(NΘK) has a physical
sense, because the decay Θ+ → N +K is the main de-
cay, and all dynamics of such processes as γ + N →
Θ+ + K¯ , π + N → Θ+ + K¯ , N + N → Σ + Θ+,
will depend, namely, on P(NΘK). Recent calcula-
tions for γ + N → Θ+ + K¯ [5] showed the sensi-
tivity of some polarization observables on P(NΘK).
Unfortunately, most of these predictions are model
dependent, and the necessity of model independent
guides for the determination of the Θ+-parity, are, in
our opinion, unavoidable. Model independent meth-
ods are based on the study of polarization observables.
Such methods have been firstly suggested for the de-
termination of the (relative) parity of strange particles
in π− + p → Λ0 + K0, comparing the signs of the
analyzing power and of the Λ polarization [6]. Later,
it was suggested [7] that polarization phenomena in
p + p → Λ0 + K+ + p can be also very useful, for
this aim.
These methods are based on general properties of
fundamental interactions, therefore they can also be
applied to charm particles (for example, π + N →
Λ+c +D¯, p+p → p+Λ+c +D¯0) as well. It is straight-
forward to adapt such methods to the determination
of the P -parity of the Θ+ pentaquark: π− + p →
Θ+ + K− [8], p + p → Σ+ + Θ+ [9,10], n + p →
Λ0 + Θ+ [8,10,11], p + p → π+ + Λ0 + p [8], and
γ + p → Θ+ + K¯0 [12,13]. In the last case, the de-
termination of the Θ+ parity can be done in different
ways, as several relations among polarization observ-
ables depend on the relative NΘK-parity.
Our aim, here, is to consider the simplest process
of associative electroproduction
e− + N → e− + B(1/2±)+ M(0±),
where B(1/2±) is a baryon with spin J and parity P ,
JP = 1/2± and M(0±) is a scalar or pseudoscalar
meson, as a possible source of information about the
relative NBM-parity. The present study will be done
in a model independent form, and, therefore, the re-
sults can be applied to different physical cases, i.e.,
our considerations hold for Y + K (Y = Λ or Σ),
Λ+c + D¯ and Θ+ + K-production. To simplify the
analysis, we consider the collinear regime for γ ∗ +
N → B(1/2±)+M(0±), γ ∗ is the virtual photon, but
the results hold for any value of the space-like momen-tum transfer Q2 and for any value of the effective mass
W of the produced BM system. The advantages of
the collinear regime are an essential simplification of
the spin structure of the corresponding matrix element,
and a corresponding simplification of the analysis of
polarization phenomena, with a small number of kine-
matical variables. In the collinear regime, generally
the cross section takes its maximal value, in particu-
lar at large W .
The spin structure of the matrix element for γ ∗ +
N → B(1/2±) + M(0±), in collinear kinematics, in
the center of mass (c.m.) of the considered reaction,
can be parametrized in the following general form (us-
ing the P -invariance of the hadronic electromagnetic
interaction and the conservation of the electromag-
netic current)
M(±) = χ†2F (±)χ1,
F (+) = σ · e × ˆkf (+)t
(
Q2,W
)+ ie · ˆkf (+) (Q2,W),
(1)if P(NBM) = +1,
F (−) = σ · ef (−)t
(
Q2,W
)+ e · ˆkσ · ˆkf (−) (Q2,W),
(2)if P(NBM) = −1,
where e is the three vector of the virtual photon po-
larization, χ1 and χ2 are the two-component spinors
of the initial nucleon and the final baryon, ˆk is the
unit vector along the three momentum of the virtual
photon, f (±),t are the collinear amplitudes, which are,
generally, complex functions of Q2 and W , and de-
scribe the absorption of a γ ∗ with transversal (t) or
longitudinal () polarization. The upper index, (±),
corresponds to two different possible values of the rel-
ative P -parity.
Such general form for the collinear amplitudes,
Eqs. (1) and (2), allows us to calculate any polariza-
tion observables for the process γ ∗ + N → B + M .
The dependence of the differential cross section for
N(e, e′B)M (or N(e, e′M)B) on the target polariza-
tion, P , is characterized by the following tensor
(3)A(±)mn =
1
2
TrF (±)m σ · PF (±)†n ,
where F (±) = emF (±)m . Note that Eq. (3) corresponds
to the case of the production of unpolarized baryon B .
Applying the P -invariance of electromagnetic in-
teraction (of strange and charm particles), the tensor
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where the dependence of the target polarization P ap-
pears explicitly
A(±)mn = imnPA(±)1
(
Q2,W
)
+ mnkˆ
(ˆk · P )A(±)2 (Q2,W)
(4)
+ [kˆm(ˆk × P )n + kˆn(ˆk × P )m]A(±)3 (Q2,W),
where A(±)i (Q2,W), i = 1–3, are the polarized struc-
ture functions, (SFs), being real functions of Q2,W .
The symmetrical part of the tensor A(±)mn determine
the scattering of unpolarized leptons by polarized tar-
get (in direction perpendicular to the photon three mo-
mentum). The corresponding SF, A(±)3 (Q2,W), being
T-odd, is determined by the interference of the longi-
tudinal and transversal collinear amplitudes, f (±) and
f
(±)
t —for any P -parity. The antisymmetrical part of
A(±)mn , with the SFsA(±)1,2 (Q2,W), determines the scat-
tering of longitudinally polarized leptons.
Using Eqs. (1) and (2), one can find the follow-
ing formulas for the SFs A(±)12 (Q2,W), in terms of
collinear amplitudes
A(±)1
(
Q2,W
)= −A(±)2 (Q2,W)
= Ref (±)t
(
Q2,W
)
f
(±)∗

(
Q2,W
)
,
(5)A(±)3
(
Q2,W
)= Imf (±)t (Q2,W)f (±)∗ (Q2,W),
i.e., both value of P(NBM) give rise to identical for-
mulas. This indicates that polarization observables,
which arise from the target polarization only, cannot
discriminate, in model independent way, the parity
P(NBM).
The polarization of the produced baryon is charac-
terized by the following construction
(6)P (±)mn, =
1
2
TrF (±)m F (±)†n σ · ,
where  is the unit vector, determining the direction of
the final baryon polarization.
Again, the P -invariance of electromagnetic interac-
tion allows us to parametrizeP (±)mn, in a general, model
independent form
P (±)mn, = imnP (±)1
(
Q2,W
)
+ imna kˆakˆP (±)2
(
Q2,W
)(7)+ [kˆmnakˆa + kˆnmakˆa]P (±)3
(
Q2,W
)
,
whereP (±)i (Q2,W), i = 1–3, are the real SFs, charac-
terizing the polarization properties of B (for collinear
electroproduction), and they are quadratic combina-
tions of the collinear amplitudes.
Using Eqs. (1), (2) and (5) one can find
P (±)1,2
(
Q2,W
)= −A(±)1,2 (Q2,W),
(8)P (±)3
(
Q2,W
)= −P(NBM)A(±)3 (Q2,W).
The relation (8) is the main result of this Letter, which
can be formulated in the following general form: in
the kinematical conditions of collinear electroproduc-
tion, for e− + N → e− + B + M (where the fi-
nal hadron is emitted in the direction of the pho-
ton three-momentum) two polarization observables,
P (±)3 (Q2,W) and A(±)3 (Q2,W) are sensitive to the
relative P(NBM)-parity, at any value of Q2, and W .
It is a model independent, general result.
We refer here to the simplest case of unpolarized
lepton scattering, therefore the discussed polariza-
tion observables should be proportional to the product
mnA(±)mn or mnP (±)mn,, with the following expression
for the leptonic tensor
(9)mn  k1mk2n + k1nk2m + δmnQ2,
where k1 and k2 are the three momenta of the initial
and final electrons. Comparing Eqs. (4) and (9), one
can see that the SFA(±)3 (Q2,W) determines the asym-
metry in e− + N → e− +B+M , induced by the target
polarization which has to be orthogonal to the electron
scattering plane, and the SF P (±)3 (Q2,W) determines
the component of the B-polarization, in the same di-
rection.
The previous considerations are general and hold
for different electroproduction processes, involving
strange and charm particles. The numerical estima-
tions of the T-odd observables mentioned above re-
quire models which are specific to each of the con-
sidered reactions. Such models cannot be unique, due
to several reasons, as for example, the choice of an ap-
propriate reaction mechanism, the presence of many
unknown coupling constants, the lack of the neces-
sary information from experiments, etc. Therefore,
we choose, for a concrete application, the process
γ ∗ + N → Θ+ + K¯ , in framework of the Regge-pole
approach, in collinear kinematics. This choice can be
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γ ∗ + N → Θ+ + K¯ and γ ∗ + N → Y + K (Y = Λ
or Σ). The K + K∗-Regge model was successful to
describe the experimental data about p(e, e′K∗)Y—at
few GeV energies and one can use many ingredients
of a previous analysis [15], concerning the properties
of K + K∗ Regge exchanges: the Regge trajectories,
the Q2-dependence of meson electromagnetic vertices
etc.
It is important also to mention that the K + K∗-
Regge model generates both collinear amplitudes, lon-
gitudinal and transverse, with nonzero relative phase,
which are the sources of the T-odd polarization observ-
ables of interest here.
In this framework, one can write for the invariant
matrix element of the process γ ∗ + N → Θ+ + K¯
the following expression, considering both cases of the
Θ+-parity
M(±)(γ ∗N → ΘK¯)=M(±)0 +M(±)1 ,
where
M(±)0 = S0(W, t)F0
(
Q2
)
g
(±)
NθK¯
2equ¯(p2)Γ (±)u(p1),
and
M(±)1 = S1(W, t)F1
(
Q2
)
g
(±)
NθK¯
µναβeµkνqαJ (±)β
1
m2k
,
with
S0,1(W, t) = xα0,1(t) 1 + e
[iπα0,1(t)]
sinπα0,1(t)
,
x = W 2, Γ (+) = I, Γ (−) = γ5,
and
J (±)β = u¯(p2)Γ (±)
[
γβ − p1,β + p2,β
m + M
]
u(p1).
Therefore, one can write forM(±)1
M(±)1 = S1(W, t)µναβeµkνqβ
F1(Q2)
m2k
J (±)α g(±),
with
J (±)α = u¯(p2)Γ (±)
[
γν − κ (p1 + p2)µ
m + M
]
u(p1),
where m(M) is the nucleon (Θ) mass, g(±) and κ
are the vector and tensor coupling for the vertices
N → Θ + K∗ for different Θ parities. The notationsFig. 1. K + K∗-Regge exchange for the reaction γ ∗ + N →
Θ+ + K¯.
for the particle four momenta are shown in Fig. 1:
eα is the virtual photon polarization for vector, α0,1(t)
are the Regge trajectories for K and K∗ exchange,
F0,1(Q2) are the mesonic electromagnetic form fac-
tors and g(±)
NΘK¯
is the coupling constant for the NΘK¯
vertex.
Following the standard procedure, we take linear
α0,1(t) trajectories
α0,1(t) = α0,1(0)+ α′0,1t,
with evident normalization: α0(t = m2k) = 0 and
α1(t = m2k∗) = 1.
One can see that in collinear kinematics the K(K∗)-
exchange generates the longitudinal (transversal) am-
plitude with different W -dependence. So, taking into
account the main contribution to the discussed T-odd
polarization observables, one can write for the analyz-
ing power, induced by the target polarization
A ImM0M
∗
1
|M1|2
 sin π
2
[
α1(t) − α0(t)
]
s[α1(t)−α0(t)]
× F0(t)gNθK¯ sin[α1(t)π/2]
F1(t)g(±) sin[α0(t)π/2] .
Taking a universal slope, α′0 = α′1, one can predict the
s dependence of A: A  sa , a = α0 − α1 < 0, i.e.,
a = −0.45 for α′ = 1 GeV2. We will take such value
for the numerical estimation. Note that this value of a
generates a large relative phase of K and K∗, which
is important for the consideration of T-odd polariza-
tion observables. Following the analogy with the as-
sociative K-photoproduction, we assume F0(Q2) =
F1(Q2). Therefore, the possible t-dependence of the
considered polarization observables will be driven by
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malized at s = 5 GeV2 (c), for Q2 = 0.5 GeV2 (solid lines) and
Q2 = 1 GeV2 (dashed lines).
the ratio of the well-known factors sin[α0(t)π/2]
sin[α1(t)π/2] , be-
cause in collinear kinematics, the variables s and t are
directly related (Fig. 2(a)).
It is then possible to write the s and t dependence
of the considered analyzing power as the product of
two terms
A(s,Q2)= sin[α1(t)π/2]
sin[α0(t)π/2] s
aN ,
A′(s,Q2)= A(s,Q2)R , R=
sin[α1(t)π/2]
sin[α0(t)π/2]
so that
A′(s,Q2)
A′(s,Q2) =
(
s
s1
)a
,
whereN contains the product of the different coupling
constants. In order to minimize the dependence of the
numerical estimation on the (unknown) coupling con-
stants, we show, in Fig. 2(b), the s-dependence of R
for two different values of Q2,Q2 = 0.5 and 1 GeV2.
The scaling behavior of the analyzing power is shown
in Fig. 2(c), where the ratio
A(s,Q2)
A(s,Q2) =
(
s
s1
)a R(s,Q2)
R(s1,Q2) ,
is shown as a function of s, for s1 = 5 GeV2.The results show that the asymmetry of interest
here is measurable and has a smooth s-dependence in
the Regge-pole regime. The numerical predictions de-
pend on the details of the model, but this discussion
is outside the purpose of this Letter, where we show,
in model independent way, which observables contain
the information on the parity of charm, strange parti-
cles or pentaquark in electroproduction processes.
In conclusion, we derived in model independent
way, a relation among polarization observables in the
reaction e− + N → e− + B + M , Eq. (8), which
is sensitive to the relative P -parity P(NBM). This
result can be considered a generalization of a cor-
responding relation between the analyzing power in
π− + p → Λ0 + K0 and the transversal Λ polariza-
tion in π− + p → Λ0 +K0, which has been suggested
many years ago in [6] as a model independent way for
the determination of the parity of strange particles.
In this respect, the following important dynamical
ingredients can be noted here:
• the discussed single-spin polarization observ-
ables, for e− +N → e− +B +M are determined
by the interference of transversal and longitudi-
nal collinear amplitudes, f (±)∗1,2 (Q2,W). There-
fore, the suggested method holds only in the case
of electroproduction, i.e., with virtual photons.
There is no similar possibility in photoproduc-
tion processes, where the photon polarization is
only transversal. We proved earlier [12], that only
particular triple-spin polarization observables for
γ +N → B+M , in collinear regime, are sensitive
to the relative P -parity. The same is correct also
for collinear electroproduction [14], taking into
account the contributions of transversal or longi-
tudinal virtual photon, separately.
• The discussed polarization observables for e +
N → e + B + M (the SFs A(±)3 (Q2,W) and
P (±)3 (Q2,W)), being T-odd, are proportional to
Imftf ∗ , and are nonzero for the complex collinear
amplitudes, with different phases δ(±) − δ(±)t = 0.
The exact value of these phases do not affect the
realization of the suggested method.
Note, in this respect, that existing models for the
electroproduction of YK or ΘK-system generate a
large difference δ(±) − δ(±)t , i.e., large absolute val-
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independently on the kinematical region of the vari-
ables Q2 and W . Indeed, in the resonance region
(corresponding to W  2–3 GeV, and Q2 any, in the
space-like region) the contribution of several nucle-
onic resonances should also be taken into account—
with resulting essential complexity of the collinear
amplitudes, transversal and longitudinal.
At higher values of excitation energy, where the
Regge-pole approach applies, the possible Regge K
and K+ exchange (with different trajectories) in for-
ward direction, or fermionic (Y , Y ′)-exchange in back-
ward direction are also source of essential T-odd ef-
fects.
The situation for charm electroproduction is
similar—with respect to the possible size of T-odd
effects. Of course, due to the higher threshold of YcD¯-
production, the effect of possible nucleonic resonances
should be negligible. But, in the Regge description, at
higher W , the reggeized D and D∗ exchange contri-
butions, again with different trajectories, can generate
naturally complex amplitudes with different phases.
Note that the model independent method suggested
here, for the determination of P(NBM), implies the
measurement of the polarization of the emitted baryon.
Experimentally, it is a difficult measurement for the
Θ+ baryon, as it requires the measurement of the pro-
ton polarization in the strong decay Θ+ → p + K0.
In this respect, the situation with Y and Yc baryons
is easier, because all these particles, decaying through
the weak interaction, are self analyzing particles.
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